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Abst r ic:t

AC and DC reson a nt cha rgin riha r J wire t es t s'I werI conI -

duCteOd with a1 1 SKWD 10 1) st anda rd 10 1( F. igene ra to r ls 1r Q

p ower. DC resonant charging caused xibrat ions of- tile cenl-

erator at the pulsing frequency andI instab il ity oi- the

VOl t age regula1,tor dueC to thle veryV ir regua r i~cneraltcr vol ta-

waveof orm.n The input DC. voltage to tilie pulser sao-ged cans ilic

the performance to be lower thanl expectedl. An anal \INsi s of,

this problem and thle theory to accouInt j-or this S'11 I~ p)r L'-

sent ed.

Problems; with the trigering of' AC resonanit charging 1er

not s;olved inl t ime for t1h is report. The experenF11CIta 1] set

uip ofC AC resonant charin isprsntd AC res-onant ceha irgi in!I

cause1;d no0 negative impact onl tile genera'tor vJ;hich is a r ca t

advantage over DC resonant charcing.



I introduc t ioun

Ibllis plo 7' JCt iS A Stuldy ' 0t1 t heC i 1t I I ace C ho)t mon ,1 1

Power- Svsto IIms and t)L I seC cond it I )nl I vtem t h s

electrI-ical1 power- gieerat i oil corlot ftir dI- r J~ d on1r C'V-

11he Arynd thfe A i i Fo ice arie sponlsor- i :Io IIn i '&e r it

worik 1fori thle dove I opuien t of compter I i I t , hie ica I cr

d!ict ionIs. The rCsUIl tS 01 th11i : thCs is invek-st I a in 01 11 1 he

usecd to refI*ine and va 1 idate computer- preic t ion!'S 1,h i clima

then he use;d bY Ar~my and Air Iorc se)IC( eni t ist - I tics i ds

f-orI thle powerI su11ppIi e Sej IC i redI C in d1i r-oe ted ene0 1 N-Q In vrs

I'he puse I'CI'U S d fOrI the1SeC tes <ts was SC oT st inlc d hNw

Army' s ER.ADCOM anld c ont a ,1 lseparate sect ions for. AC an1d

K reonantc ha ril ini

Lach sect ion contaiinedl the res-onant c i-ciiit , suppor-t

equ ip)IIInt , an1d controlS.

ProblIem

,Thre are- severialI apprioa c h es t o thle i n terfce hoteeI n c

p)r ittl p ,o wer - en ciat i ni, c qu i pm c Ti t a nd uLI is o ci di it ioc)n il Ti

equi pment . Tb ijs is; a S t ud oY0f- t ISo 0de s i g~ ap lproa-C) iches, thos e

are DC rocsolarl t ci rig and AC resonant ch i o

6ene i-a I alrea s to he observke! areC thle impact on thle

pri ime power, eqipjiwi nt 0- thle char cj no, s chemeI useCd and thle

C0 rio tan ofIIC Ot lie ch L i' mthdsit 1i t hi- s partica a



kilnd of " . 31.<0er C, uL I C . \tt C t ii -V

1;lct hod ,, t C - 1;ti, -t i ph 2I , ' \, ont 1 t

CoinpoI 1cli t 1 , dill coilt It O I LI i I" q . O t 5.

.\ 1 3bl[, It t0 '\ V q' LI< ,' s i i<, 3Lil) L,. -1 . : . ',

>t a na1rd ( 1 4(11 aQl ct o to t I I T~

:::ctlOls. l'ods C C L I : u o J p.

s t (2l) hINa 1)St r 'c O " :i1 L.I1" . :F' -': :, .r o

parc,1 ,i th i i, 0 lt t L' 1V .

.\ ::1,1 h 1 'm t iC J :i Ila vS 5 I 1 l O (o 11 0 Co 1' ..

lialr in: : o 11 it h 1 'Ilet c2 sI I InIt 1111 .q.it 1 011 >..

two CO:lpt v 1, p2 [ Oi, l0C SC 02112'ttCl p(2 CO1 t010 <

tlie thoorot i :Il :;ouit ions1 to ,h i ch o . rVC.i p -I,

2115 C Oil, -i:I I' "

[licL' .k(7 :"m r .ilo-iiit -1t o ' i I > s

cxpcr il':!c! -I 't " Jtl 'c r i crih . No 11 ti tAU 01 tcI 01

re t 0" 111 Ci l i lrv 1 i ncc pr u 1cms with t!1. t ' nlil

VIi' 2 C, I Il. t so iv l in t ninc -or this vo,,i 'rC v ?"I

r I Wt I 1. on re soC n ai n t c1ar 121n a11 in;.1.c t.ICl



I I DC Re Sulan t CJ:ir*1 ill

11 t r 0d1uc t ion1

I fe t hem urv o C W rcsonarit chrill,-, i r,:1 i t l has I oil 1

bCn dov11e VCIop )ed a.11d C Ic I-CU;t S ohC th11is k Ind Ll Sd f r 0 an 1-t 'e1car s
h 1)robl S t Ud I Cd 1er C waC %1S the C e C t Of 0C resoniant

chan ring onl t h cp)r i e1 powe 0r C ( L i pmen 11t of a1 p'ossible- po rC

spp yl1 1 for I d i rcc tecd en crg('y w c a1)ons IThe pr i me powe r s ource

was a three phase sys'teml compljosed Of aI genelrator, a tranls-

Connoe r, anld a? full w ave hr id !c rec ti fi er

Vllhen a -tenerat or hias a recti t ied loaid it< vol ta c

wavefoerm iS de brined by h% the commutationl 0o t1 hCurrent oil

the1 rct i fi Cr. I n( this casec the load" is also 'arvino a S

aI se r ies 01t halIf s ie S and to0 ma ke 1mt ter S wor se t he di

c ha r it pu I S i nig is re f-CI oc t td bac:k On t 1L 1enert or wavef*o rmll.

Thlis i rre ouIa r CurrIenlt wavei1- arm cau1seCS addIi tI onalI healt

los ses ini t le ogenlera toeI w inid i ill, S anid t hroug hout t he p)r Ime,

powver system. F)heC genera-tor- alSO vibra'tes aIt the puII~ln

frequency, this is so lcaseth ter Jiie is propor1t ionaIl

to thle load Current .

The out put 1,ol tnge from the prime p)OWer s vst em

observed to drop proport iona I to the load current , 01r SaC

dur ing eachi clha r! illn cvyeI e. A\ Tmat Ie~Ma t i ca a ppro x mat i on

Of, this character is t ic asdonec and a Complete :!] 1vs is of

its effect onl thle pl se r perf ormialice was made.



This analIys;tis is p reselt ed next , thenci theoi rut i c:i I rc.'nuIt

o bt ained f rom two com puter p rograms are p)resent ci. 11h -'

computeri progrims were develoaped us ing the eotiese lfu

t'ram the mat hemat ical analysis.

Analysis o f Vo 1 ta ,e S a gi ig

Fhe sgi Oil the Output voltage dulringv o:eC 11ai - il:;

cyclIe is determiined by the gOleertor and t I st ruru

tance aind the l oad current. Ihe vol tale( regu"l :itor does; nct

respond fast enough ina that ti mc perioad to nak e any, whanges-

in the shape of- this sag. it is not discuissed hecre how, to

determine the, i-iagnitude of this; voltage sagging,, for a vcn

system. However, the effect of this sag~ging onl the -pul-scr

perform~ance is s~tudied in depth.

A DCU resonant chargzing ci rcuit Can be repruselt e- as; ill

Fi guro I below.

I.



In F igure I is the clii ilie ',cc , he

total network capacitance and 1\ 1'i. ,h C aiI'i

inductor resistance and tlt- cquivi lent I:i I re <t : nic .

The input voltage V(I) was rep'sC;.t ir thil ,ini -

sis as in iLquation 1.

V(t) = Pb (1 - Ki !t l
Vh ( 1

where F is the peak input voltatge, K is c o St ;ti t , I in,

it(t) is the c chI r i 11 curI'ent as N F I t i on of t i ;v .
c

A iithemat ic:i I analvsis tor the i rcuit of I:ioure 1

with an in;'p t vo lt a c as oiv en hy I ) i t s 1 is inc luded in

Append Jx \. 'l l 1 1i S y c sa t.-I iii !" ol lo',.,ing equat ions

for the cha r i], c;lrrent and thle capacitor ci It a go respec-

t i ve I.

- 1b- V o -bt
i (t) hf ) si n I, t
c WL i

+ 0 b t (cs w t i- sinw t) (

1 0 e- t

-h et sin w t A-0

V initial capac i tor X'oltagc
0

I i n it ial inductor curren-t

R+K IL

C- i , i t 1- 0anc3 I l ic V



Th e 1)LP ISU r I* reonn' S 1 IIl:C pe1)Vt it oI I r 0 t iic y I "- t Io t 11III0>

the C irc ui t resonanllce fre queue vy g i we z ahov\& 1 roul n ot%0

eve rv t i mec ye sonane e f requefle y isnient i oced i t i s V rc Cerri

tO tile P j)I'S ser t requene y

Eiquat ions (A-5) and (A-0) , and ot her equa tions den v~cd

in Appendix, A were used to develop two interact ive fortiran

programs to ca icu [ate the theoretical resuilts.

COMpuLt or Pro.grams

NvO compu)Lt~l en p og ramIIs 1were dOW? I Op( d JS an aid in pro -

dingi~t tILIOoet ica[1 rTats.[hese were also usdto to-st

thle effects ol Chan es in the s.s Am paae ors c pped i x

11 contains, a copy Of each p~rogramy 11nd aI blrict deCscription

of how they work.

The F irst program calculat ed thle peal, vol tatc In t Be

cpa c itc)r , pe a k ch11ar g ingcre resonance frequencv, anki

a veCr ag powe) I r I o)r inc1':re0a sIig va I cs of 1 input vo0l1t ae sa

I h is was cal Icuila tecd fa a I v enI c cu t anIId v olIt ag level

Th is' data was used as, input to a 1 ot t i n"' rout i no anld pIots

of thle men t i onedl paramleters v ersus the s4a, onl tihe i rnut

voltage were Obtai ned. An example of those-; plots i Ss mown

in V i gure 2'

-o r e xample c, t ]e s ag c on st a it ton thle hor i :oilt a I aix is of

b i gure 2 is 21.2 for 20 sa ggi n g o n thev input ) e 1 t a e c) I

f-or 4 5",, and so oni.

These plo0ts wereC usefull to ind icate thle d if Ito ronce in

per formance f or d i ff crent ma gittu decs o f v o Itagec sg ug.
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Figure 2 Plot of Average fnpLut ."over is. Sag C:ntn

The second computer program used Fiquations (:\-S) and

(A-6) to generate a set of values for charoing current and

capacitor voltage versus time. The same plottin , routine

was then used to obtain the theoretical plots; these plot-,

were used to compare to actual waveforms. Figure- 3 on next

page shows a plot obtained with this second program. The

i waveform shown in for the ideal case where the input xvoltage

is a constant DC voltage.



Figue 3

f c t o Ko .. g V

'-°

I.O

a

L

Figure 3 Plot of (iapact ior Voltai e vs. 1:, for S,,a:2

lffect of V'oltage S__gging

For a constant input voltage the psr o. . ' r o

as predicted b lasoe and Lebacq: ( Rf 1, (iCp i

case is shown in Viigure 3 above. When thc inpot vo t ,i

sags it is intuit ive to sax that the capacitor wi chi, (

to a lower voltage and that it will take a 1onger t iii c t o

do so compared to the ideal case. In fact that i ,h: t

happens in reality and the mathematical analysis rc I I .Ct

just that.

Figure I through - show how the maximum voltage ini tli

capacitor, the resonance freiliency, average power, nmd w:ik

charg ing current will decrease as the magnitude ni th ,

increases,. ihe, e plots are for a circuit with l, . :',

(>=2. SS 0, R l .5 m 1(1KV, and V -(1. 1 V (T ). 0 ( a-IIt

from Ii v.ares th omIal - for the idea) ca e and I

summa r i :ed in lan I, I on page 13.

.. . . .. ... _ i I... nn ... - ... iI .. - .. .
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Table 1 Example of Pulse r Pertfo rmanc(. for
Sag Constant of' 0.0 and 0.4S

'SAt; V c (T rJ p 1
...__ _ _ _ __ _ _ _ _ _ _-~_ _ _ _ _ _ ,aV\ C D __

0 110.4 21.90 K\! 72.2 KNi 11.4 ,A

48 109.0 13.75 1KV 3K\.0 N (N.9 1

Froj this example and the theoret ical graphs it can be

seen that the biggest impact of the vo Itage sag is on the

average power of the system.

The energy stored in the capacitor network per cy,:lc is

given by lIquat ion 2

E T 2

lquat ion 3 below, gives th,. energ,,y input from the power

supply per cycle.

E = V I 1' t

I av av r

Where V and I arc the average input voltage and
a V L

current respect ivel" and T1 is the repetition period.

The average of the input voltage given by II'llation I i

V = I (1 - K 1 )(4)

aiv bb :t

and the average input cutrrelt is (fRef 1"3o21.

I - ry Ir (51a v Y r V0

%% here f i s t hc repet it ion Creqienc v o r tr = 1i

I"



Fie eft ic ivnfcN of DC ehai g ln I i4 j vOP tile !:ti,

tile enerv S to red ill t: hol(e: iork inl one c :1:I t ht. i lt

leflr' f Iro11 t hie jpowel' U iIi)[) v iir i 11'. t hit cVCIu

exVress i l 0 I A' t I ()Tpi(i t I o t. ant I 'i t 1 t'

Ti +

F 0

Li ~ n ei~ t o: 'n ath Cnc Y eeC'rr thIt

0e A iL o A ch I 8 .0 and toi' t ho h1fer - s t is

S. I I ho re ctore thle Otf I i I- i (nCY i 1s r ec1 , t> ic is anth e r

L~J I el C1' ! e C o Cth;Iu voIt ai~ sag

0t11 fII 12 shiot% thle ctil r rent :In ol t 'e

U~~~ js saw I t p: via lme, t 0 oeai

te et 0'.'h ii"j( t i Cq\a. h(.' fit \Ci 01 dtC I1"e

I h c f -ec. !'I I

i ii I t Ii VI It F I r

I s hei o t,; oil t, he to I Lo w in page)' s 1e lt L' 1 ha t hi'

jjhape(i n fhfe !, Cn curren011t ch- 11,11 nf, the pe 41,l T' !1c e

age current i nc fosstor a lairger sag oil thle Inputv i 2

Ithis il Cre'0 as c t.1he hle at 1 oS s t hr'cii how t t I ' ci ii1 t .

a 1 so that tilie capIc i tor -,,il i charge to a S111al IC 0 e C'V l1

It is impTort ant to rcoulin tha t T is lit t efl .1 t !01 Jl

cISC AlmJ i t CeA Se C .-;t i t 11i in : I- u i S I ni. sag
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Lxpe r ilnclt a l quipmCnt and I I S t IuI]LcItat ion

Figure 13 e ow% is a ) 1ock diagram of the xp r ;:iiln t i I

VS t C11I.

II

L._________- ______ __ ________ _______ ___ ! . .. _

Fig ure 13 Block I)ia r In) PC Res iionant C h a .in' -t e,

The prime mover was a 150 horsepower ienc r:il 1 1:CC t I

DCt dynamometer The icenerator was a 1)(1) staidaI " I I , K',

4001E generator. A DC power suppl v was useJ 4or t hc !ene r

ator exciter instead of a voltage regulator. The t rams I r r10",

had a vol t age step - up rat i o of 11 1 . ThC I Iquid Cooled full-

wave bridge rectifier assembly had a nominal current capac i 

of 3 amperes per I eg and a peak reverse volt a 0c 0 1 (4 1KV. I 1C

charging inductor, capacitor network, t1)he switches , and the

load were connected i n the ci rcui t shown in Fi ure I 1.

20



a.85 H
Y- -- --

u i;re 1 *I 1)C Rcso na nt ti- rc- (it

IPac h of' tile si x s t a 0 cs show lad 11 ZI 1 c :1)a~ it r

and an 1 I ohim l oad res is tor 'Ihle cha rcino. inducl. (or 'as 8.

[fell Til. e tulic swi t ches wecre II ; v oien t hv !,I t rolis

niodel HYI\- 1A- with a peak forward voltnage of d'KV anld a peilK

c ur ren t ot f .5 KA.

T h s ;c hemla t ic dA iagram ot I:i cur ~qIS 1 Ishos the tes;t cii -

emit %'ith the test points marked :i thi e.

The 0(007O,,if capacitor was connected at thle out1put otl

the ful 1-wave bridgeC reC~t ifier' to prIotect tile diOdes" fromj

damage hy a v'olItage spike.

TWO hi0 ghvo) t age colutac t mrs werec Used ill the Oper:i I ioll

of thle poise r. The Ifine con tact or K-' control led tilie I)IIIsillu

hy OI)fl int or m i I s inu tihe [1W hiis in lto t lie p t I I e i . 1lie ''dump''
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colltsictotr K I clIoso~ :iItr K_'~'h ,Ivnc tat ai I Ili im.'

vol It;'Oc onl the noCte wovk i.% sl i c hm ' I 11 11 .' t.nj I -t1

Note thLit aJ I iodo twas c onitec tc~l C~ 1,,i K c' i

inlu~c to i and h* l i Ia toi-w o b I s v1 \sI I

H 1i r, In t In II T IIc I i I- c t uo I e t lit i nlIne C)! I lIon t hie pio I <to

a tc ha r. ot at a s 10 o 1-o t hI I o soasm I ~ s ~ -Z 11 t hoe k, -' i . '!

volI t a 1' Sp ke is no I o cd1 Al Kck t at K'i' c c i Ir c I- l ;I!-

Ii O 0C tiI

h v in lst I'nn1tin I at i onl I I [1i 1, t 1o'~i';r

iii~ i0 1lu h I ' sldc I t pevvs Ii c' 1,ol t 's iC5

X' i 1 CieS 0 t ho pC 1) 11 Va 0 t sI c t 1 n , ci t l a11'U I o

LY the gcenevsmt o)r! at a t tIne.

DC' Sc r I f)t on Oi 0 PL I S

.so hoim t i c dIi a rnat thk, pil %S a .

sho1n0 w 1 1 1 -

A SMsm I I i 11,111C t ix. o f a pp '0o\ i :111t I Is ' v i s' v t .

the1 t li V 1. 1t 'on I I is ItlLI sol', to so Ct t hI ! C 0I t I Ce i t hc e ipsic 1 0 V

t o an i1ni i t i o si t i v a x I It.

xi~i c i v 'ar1,i Stor 0 'V 1, so' iI I'' til(S M\

h i t I ol c ' 11 i ',']- t''lqil c ti' 5if T i-t' I f e t ' t o v i t a1 I ce s nenl t

0 Ft ime svs teCm .

Ilme t VI- i e r-i 11 t' c i Imcuii t toy Il e t ubc 4 c on ,; > ts o t a

fuilmc t I il gon e naIt o i' whoc 'se en O i i s co nnolc t cd t I !I vo at ron

Ii' yn. he f recqujenIc cy ol' pf 1 n. 1 se t IN\ t I2 ic o

oeCnc rat or Th liotpuit of t he ' 1i yelr i ac onr' el t1 cs t 1

ItS t n rt r isIa m ' t o ;I I It y1Je i-t ' and sin, ;Il ']j) ()Jill c' (,
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in paralleIlc.. Ono output terminialI of thle t. r-anlsformlei oo.~

s round Jed to the cI;S- ha S Z I In~ I r iom t hoc othIer t i-!ii i Ina I a :o t IN

caib 1 o C nIOc t ; to ,1 300-: res i s t ( I, on t li I- Ii 1 C to

I'l i - :1 tiia t1 net1111t pr Ioed to0 1 So LIs p C I to0 1101 s~ c i~ I

to la IO t 1, i gei rn I o I .thle t hv r at rols.

I heo heilit C r C i IC Ii it I1 tlie lo t - C zi t hodec t llIV ra t r'()I i sI

c,7olIIIOs of (J 0CA t1 It s 1'rme anO 3 d t' la on 1 :k INC t C. I h :

schemlit ic.

\ h I C lIPr Iell t t ran II to rf n o I' s 11- e t o11 lo Il i t o 1,!h l I c0<

CA li rent andj a 0I. 1 resi sto 01 of t hc lot, koltitt c It.15 I

all ailllet or I'as i p ov i de'l 10'Cor . ltr Il u e

oth the od r et u Irn li Ild t ho ca 7 IIs wltu rc 1, 1o 1t to

cotlier to onle po tnt and 4' 1uldod to tIChe ~LI ilIc i'Il

\1odl I I' I cat ion1S 'dlitic- to t.h P

I. IeCC t ro0 -I!M iwet i C Co1up1 I I li , or0 1' 11 F I c -n 1 11 1,LI, !

tati th 1 %%icti' ieI I Ci iiC'lt ions0, l I NA: c osis tit I~vo

p1 lr ql llc t. ro 1. ol k~t 1I on tou ca, to I! .2 I

CI d cl~ I ti I trqec o ao iKW l<s

'V o ) 1.c u 1t t I o I c0 t% Iii It it I itK*lo~

11 1 ,11 \ o'0 I t Bc I [ 5 011 l'! I 'll) I I c I I c I1

nc t ud t I ti m Ii 11t to ac l v p o, 1) 1 i~1, o tm

t li [Coh1 I t 151T I .n t l ' I I 1. I I ~ Ii



tile :0111pollclit s 111.I t fr p"npc' a ilil sh li c Iid i nFc o

c 10c t r ica I i m~a1 l'- inl t hi t-- Vi >tc!!

iip it io o1 0 I'L I S C I

CO~ C t 01' t2 e pc OT C I' I I' I'L V 1 11 I i, '1 :Il ti ;I

x't a c tC) to c1 .1 c S F vr I :.i

c i o'f d HO l i t he i I .i c t1 v 1 ciw I , I It I t

K-' opcuici ;ill, t hell 19 ~V i rvl'j

inl tlc nctiwnrk. Pills: &iL\r: :i~J*:1I

1111n: t i on1 ~cn1c r st o 1.

;cnc c p I ppro r ii:-(,"

j'hc a d i -- 1, V~ ',n 1 ii i

lIII) .1 L S I-O c C p I' Io l'PNHiiCc... A i 1 1. ;il

h cc aI t t

11 (2 C I I ' I TI 1 .1 '1 1;



P'I

The second part of th report 1r2sent - ti l., 1!, ,() 1

.\C resonant chargin,. The experimental set up i - ii

and observat ions of the operation of thi, i'rtc , r di-

crusseJ. No data was collected on the, AC resonait - t .

Since problems with the triggering circuit ,Vu :it u1

in tine for this report.



I I2gure 1S and I9 are phot u- r- 1ph o I t ,c I 'n TI t oT

volt a , n cur-e ant t Kc t (I' 1 CU re V e CCO I II, U It a.c

11nd Current (see igtrc IS).

The ripple caused hy the :o::,utat ionl of t ic ilr t

on the rect if iers is seen on A i i oF tihesc ,ave C,'; , ,

charging cycle has a dint ion 1 e:Cc Co b,r i to

2.5 m oc for one goneratrC le. c. rS ono cha ri 11 ,le

is almost four generator c\'clcc, I Ibis call be cI CTIIv eC l

n ui gure Sa ho ro evcr\ 2 _ . , '.. , 'C I: U tc v -

Current is repeated. T.C-:. t,, I> .. - CU,: <OIL t 1,

output pO e 'TrOll! tP 1, c t.' ,.

Vibrat ion and feat ing
The generatAt d It the pul inc f r e :11

['he torque pm I sat ions were Ccgl ed I' t lKo I , I :d i fit

pulsing . Al so beCaue o tcc' ia 'T ' tktl" T') h ',r,, t .lt e

and ctur rent wave r m-111 S t li 'e I t , h(,:I 'tc'!n 1 T Iat :I', C

this caused inc re ac ed I osse on t ; , b ie i .,ii

Voltage t ve11 at or

Figure 20 shot:,- 0cop' tr c,: t 'IL' Ii;c, I l

(top tr;icel and tte C I:,Iit 'c ,1)' t., \ , t. ' 1

"'Fhe o05. i I li1t i fl' : . 1 . :, H.'

voltage eO mt ol'. V 0,. r' C L I... t .0t V,21o5

d I ll ) to a; I 1 ' - ' . ' .
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1: i 'LIIe 20 _ C p P,-Ic F ol tihe Pu I 5 e
t o 1 tC an: 11 res !ecct il~@nI 4Lilr e

opc'rat ion of' th he pi)I 1sealo , tn r t11i s 11a I ftmulc t i on

was no t i nv est i pa t ed a nd a [)( powe cr s u pp I v wa s c o 11 c c ted L i 11

place of' thfe volI tape regu'la tor' Cor the exper iments

Sag, Onl Oultput Volge

(A ~ 21is a scope tl ic . tolr the output voltlage

rtol) t ra cec) arid thle i live rted k: haii , rig c u ,rent ( ho t t (11%

t racc) Tho Out put volIt age - lol I %s thle shIa pe of the)

Current ver-Y closely'.

The frequency of thle ripple Oil tile output volt age is

Im) I I-_ . becaluse of- thle hi, v h Jlo induictan1ce thle vol tare,

i,"l ieh eqivatlent to aj DC Xo e I e i it h aI s i rins i dii sag:

fo0 I l ow i rig tlie ciii renit wsivcesh~ip. IIIi 5 c vit e r i aI Ials uised

For thle t hieore t i ca I ;m:1 I%<s
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I c\ % c I si i S I I dI-, c t 11 " g I Ii e Ito

,1;a,1 thoui t he i2OflOit or i s l oaded t ho10.3'

tI 0 s t a I oswc 1r -I 110.c Allot Krl ob - V m'It io

o}l. t oo 1a 1) 1 i s th1a t thle magri itnado of ti ~uI 1

1)m L t ago is S ', 1 1- r Fo 11d !) COZ I'ha

I rtoItonc ies5

Pi L5 i- r Pc -t o Pihifl 0

F0 to rce do i ve ry to \I RA\KQ('1 .", Idho 1( t hi

rc t i C i Id h i I I v i t) I c' pot ' i Ith i ha

t o p I X. ide a S-t it I I Kvot

R~ o lll II cL c r I ii IC c A'. i 1 > ' 'I tI 3C

Volt ;1 0 i I- t ho C pa t i-s ',);I C t~ C) I- S N I2 S COr

of CK . 'I'll is Call he t ake asr ; t , Cc cofl Ir ol

i ptut Is3 s to0 r. 31 I :VIa t tO rs ar ll.i it Po DCI

\rtxork Vol1tage and (harl-iC CIroI-Clt

igur 1%Sl~s til 11 N 1)0 v cIt ag, r11 i

rL C 1 lia r et I ou r 11 c ralt om r i o a (I t

vu-im I ii apcCt i mil ') i t hI I c c o I- 1300 02 1 ol I

I 1 I v Ii I I cs (2 ro c oh)t a i n1ocd for t h1 1 a
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[he resonance fr euency v as Ii. o1L and P < I

this system. The comllpuLter calculated value ()I \ i .

14. 8KV. !.igure 20 shows the DC bus vo Ia c and calac it F

voltage for this case. The actual value of th1e cNpaIC t

voltage was 15.0KV which is very close to the calctlited

va ILIC the theoret ical peak charging current was V. -

and the average power was 3S.0KW.

Res0onaniC e Frequency

ihe resonance frequency did not change With >,.

:\ univers:al bridge was used to measure each of the-

citors l land the total capacitance was 2. 5 8 ,f. l b. . t fi)

was measu red by a[pp I V ing a hi ,b, voltage at cc )2 I,

measuring voltage and current to o t:i in inpedarc, i.d'1

inductance obta ined by this Itethod was 2 .,S i n ;rv .1 ,,a

res istanc of the inductor was 0 .S ohms. I licc 1.,I ,

tC ci rc I t components yield a resonance frequency ,

V for no sai2. This is very close to 117 H- mea ,,rcd .1!

K i 0\(t*',.

i Ic, 2 below saum ari zes tile actUal and cIa CN I

v.1[ ",- t , cascs, third case is for nio ,ailo t0 V !' .

I , nd i inc I tided for cont ra st.

arIticl values WeCe obtained With the f-,st ,

S .. \ Oier case is presented in Appendix C.
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F ,41 I rCn I I h 1a1 t I r 1 he s n it I I

11 ft L'J he ) c L' L'' 'U, t P~ t t

liii I v Pc I c AC rconflit cha rc i 14 WI I

I[Il Ci rI Hi it IUSUOIA11L e f ti CTI~fC\ V a '1: S q.

t c1 Pia tUoE1 t 1,CueflC V,

I he ': cl i t i oUI I* C o so a r I. Re 0 11' l

I Ie vol t ye.,C 'te opup ratio a t t Ile t imIe o t, i 11:1 r C.

top1 ha t CVc 1 c h:a rl ill Ri (Rot 1 3 S8

Where I is t hv (',I k \C input volt ale,tisthpaso tth

inp)u t vo0 t ae t he is t iit ialI c apa c tor r I t ago, a 11
0

hquaI~t il (0 is tre11 for 7T/2 Q < 0 lr eIi 1) i1h e loS

Equa t il n ) ccolles

c~ TT



I da II 1 1d t I it I o 1'9 li c e 1n . I I •IJ

t h a t i i . I e i a .ha s t c' i, .I " ' I , .2 . ] I I t

I: n'~l n t ia t clii I4 i n Thou I J t t it :i t 1 n i 1 t e l), i n i 1

oa a a y Lf I (e o t he input vo It ia e.

iheI d i I C' enlC 1 ( t t.(I h t ,n 1, t, ( ) l ,i ' I I Ic V at t he

in dividua t . ircuit s and the aI tl crl:t ur trei ue':ac' tin be up

t, 1o1< hit)a:it Si a c ilt,.ilt l l t 11 t ! '. IllSI OL'i:t III

o . II s ir 0 "1 t 3 Ll V t i: t I I 1) zhi T 1 pWINe r,4

AC re Sellmlt s vst i cuiV 5 STI I a it c1:1&i t 1 aiit n e L

t a he t :ie'l at thIe alte(2rnator rc jU ec I2 :.

e Pri n t 1 LI Kin )i 1 ,t a n I nTst I T T 1t i

I re I o hi a k ia ) t1 1tx' l

C 1* -

DU PC 4R
S UF:'PLY

Si::ii ' "- [lIr~~ N l ' 1 10i' ('I \XL K,' si~lilt t'~ }ill .n 4'-V i' '



The d\'lamiome t cr I-, Cii rat o r ,anid DC1 powe r a vIv~ereI

Sam I uI CLsd COr I-C res-onant cha rg in, I'lh ree t rans le f rli I~

withi a volI taole stpl rat io ot 18. 5: I e re connectedl i

- 'i c oil I r~, i It I . i Pesc three-o h ig h Ica k zLacL I I van I urY 1,ii .I

pro0v ied thle tat :i 1 11 ha C: it and 1ctcne. The AC I't-OTI011l

C har'in c !I rC I i t S shoWTn ill : i gor'e 28.

- ------------ -- --

I s Ci1 11s tw pa C -, o 1- -

olle Cor c;1c 1111 Q- c F 11 -, v 1 l . lk

tirit r e;ro cIl' v. i eo ath aCircuit ir I i

,ill I ~ ciiriQ hen ot'd ar ea h o h i. i <
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0 r cI f t 1 c cl Is r c u i t , t I c I n gi c !) x s ,t p d

t rl ~i c i li) t lie t 11 rv\l t ron S at t I@ I ro1 er t i . 11! C, l uw t put

oi t% ' C 1 t C 0 I 2 cO L ~ I C, I r I I t 0,1 1) c 011t ro 0 i u1 ill 1,1 exc i t o
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before ent er ing tihe I o ic t ri i g c I.IiI h o ns idc tihe I o I

box a zero c ro; Si nW detecto r c i r, -it and a t mi nllg c i Ic uit

o r each II pihil :e genIrat ed t"e tr i .c r il2 Si ,al s. '1 , de a V

o the t i .. r I I s was set- h\ :.tiust i . tie t i!!Ic.I

11he II tilt) I 1< i t IId I t h i fl )zt V t : 0 e 1 C Int a 01xC );ha

showN il Ii 11 F C' the 1 i) U t I ' . a 1'l 1,t i,1 CI r L FI I : i:l:l

t r i , L41lr . I pe a L I I Vt c I! I Ii hc I II), . t) & iUl < it, 

beto Vo t tile V V tN acc I d mIax\ i Ill n V o t ' " i : 1 1IIt t t l I I mIC l

cause, liv tihe electronic log ic circuit this irohi l,: I ' not

solved in time for this Stldy.

. Since the lo ic box wo'ked oly \ -Ol \'cr v lok vcl Il;l ,,

a Id th c Ct t re I Ovo olVc I', 72l &Ia ta I0'J S CJ t I 0 11c- t l 011 t0 1 .," C t

per or Ilance. (;C o ra I observat i on. of this sstc'm :rc t) pr

sent Cd in the next chapter.



V \' olclIus ions' and Rccommend Lit Ions

Il. ) onn a:i ni s het t r klolmn hy pco I. 1 11 t he

il ot' phi so power and is; uisd more common I v t han A\i'

resonant chLarg ilu The problems presenited by Do] resonanlt

cha", ,on. th is' study Were vibraIt inn Of the o'clierator al

thle uLIISC rI-j)et it I ()!I rate , t irc 'jl :ir k o I t ao, c ifl cii rlrent

i~a''c o inps inl thle igenerat )r, anld oflC e'1( OlP i tllhe

DC resonanlt !Ililiitde to inpu)Lt VCn I a : 011 a~ t he ohe

hand , a 14" rC ,onan t char "ii u te ksite io

cons-t rlct an1d s ilir Ic- to t i'rAnd conlt ol.

Anl W re s )IPA Pt Ch r I i ' S' v h> m ic I arc r 1111 il A

('(IL iv ' c ih t postu V !i I)( ' &il r 1;1t in\- ('1 :1d p 1-ii il- IPc

1 :1 it edl 1)y t ie [1 ic T'Ia t or1 1 I r Ii n 1 ( *!\ C so4 cen I - : lI),I

t V Y 1'Cl f l I- C' (': I - 1i LI I't' C p 111 1 ca"It d

0\. Vt5i 11. Il CA 11 i I . C ", TI ()t NA I 1'0 A sLt I kVL I ;' LI t nP

thle c n cerai t ' i* mlii t h i s-:ia ke i it vCl. ait t ra ic t ive

te t h I c' 1 1 11L..i I I ,i ) II ' ) ( , . I I I J i 1 1 it il I I '

ti h 11 1 t II 1e 1iv-

c' c II II



I t I-; donei rL osofilit -:!I:trgi IL J I k ll hu a1 <;t

,1 t U1 u toI t h i ., k i ld of oI~ % i S0 v 11 1) cs , Cc c 1)t .

ii~Ic iI1ii) A('<L2 YCIin its

1W I vUhI t er IiiterI i I~~t l ic t!10o t !()1' 1 1 0ii: j! C

SstV lfl po i t C) I v iew.

11 v t:VLVL Id i t i) o c t I I t IU)iI

Pc It itc III ! nc I 1 1(k 1

Il [I I'' I~ II .i c!"

c (m 1 L '11 itit 1, 1 l( 1 I
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APPIiNIIX A

Mathematical Anaiysis of DC Resonant Charging

The differential equation for the circuit of Figure 1

is
dq=

I- + a + q V(t) (A-I)d t- dt

where q is the instantaneous charge on the network.

The input voltage to the network V(t) was repre-

sented as in Equation (1) repeated here for convenience.

V t) = -b ( I K ic (t)) (1)

c

is a co:,tant and Ibf is the peak input voltage.

Figure A- 1 shows the plot of Lquat ion (11 for two

charging cycles.
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Figure B-2a Fortran Program for Charging Current and
Capacitor Voltage Waveforms (Sheet 1 of 2)
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Figure B-21 Fortran Program for Charging Current and
Capacitor Voltage Waveforms (Sheet 2 of 2)
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